gressed into additional female inbred genetic backgrounds and hybrid seed lots were created to evaluate canola quality characteristics for cultivar registration in Canada. Field trials were conducted in 2012 and 2013 across several locations in appropriate maturity zones for the cultivars. Results indicated no difference for key canola quality parameters across genetic backgrounds and locations. The oil content (at 8.5% moisture) for Optimum GLY canola cultivars in these trials ranged from 40.6 to 50.3% and was within the industry range (35.6-51.2%) for samples graded Canola, No. 1 Canada from 2012 and 2013. The international standard for erucic acid in canola is <2% total fatty acids. The range of erucic acid values observed in Optimum GLY canola cultivars was lower at 0.01 to 0.14% total fatty acids. The glucosinolate content of the Optimum GLY canola cultivars ranged from 2.7 to 15.9 mmol g −1 on a whole-seed basis (at 8.5% moisture) and was comparable with the industry range (3.0-26.0 mmol g −1 ) for samples graded Canola, No. 1 Canada from 2012 and 2013. These findings are consistent with regulatory study results and submissions made globally in support of authorization for canola containing event DP-Ø73496-4. Optimum GLY canola is within established ranges for key industry composition parameters and will maintain canola quality standards.
which includes canola, in the 2015-2016 production year are >67 Tg, with the three leading production regions (European Union, Canada, and China) contributing ~78% of global production (USDA-Foreign Agricultural Service, 2016) .
Increasingly, canola production is made up of herbicide-tolerant canola varieties and hybrids that provide weed control management choices and economic benefits for growers (Devine, 2005; Gusta et al., 2011) . Herbicidetolerant seed products, derived from mutation breeding or genetic modification technologies, are available globally. These products include (i) imidazolinone-tolerant canola (trade name Clearfield [BASF Corp.] ); (ii) triazinetolerant canola; (iii) glufosinate-tolerant canola (trade name Liberty Link [Bayer Crop Science LP]), which is genetically modified to express a bacterial gene producing an enzyme that detoxifies glufosinate and prevents plant damage; and (iv) glyphosate-tolerant canola (trade name Roundup Ready [Monsanto Co.] ), which is genetically modified to express a bacterial-derived 5-enol-pyruvylshikimate-3-phosphate synthase protein and a bacterialderived glyphosate oxidase detoxification enzyme that enable plant tolerance (Devine, 2005; Grey et al., 2006; Harker et al., 2000; Norton, 2003) .
DuPont Pioneer has developed a proprietary glyphosate-tolerant trait genetically modified to express the GAT4621 (glyphosate acetyltransferase) protein. The gat4621 gene is a variant of three gat genes from the common soil bacterium Bacillus licheniformis (Rey et al., 2004) . The GAT4621 protein confers tolerance to glyphosate-containing herbicides by acetylating glyphosate and thereby rendering it nonphytotoxic (Siehl et al., 2007) . Events containing the gat4621 gene driven by the Arabidopsis thaliana polyubiquitin constitutive promoter (Norris et al., 1993) were generated using biolistic transformation of canola microspores (Chen and Tulsieram, 2014) . Canola containing the selected transgenic event, DP-Ø73496-4 (OECD unique identifier; referred to as DP73496 canola), is comprised of a single intact fragment inserted into the genome with no plasmid backbone DNA (Weber, 2011) . Segregation analysis confirmed Mendelian inheritance of the gat4621 gene (Weber, 2011) .
The development of DP73496 canola, trade name Optimum GLY Canola, provides growers with an alternate choice for glyphosate-tolerant canola seed. The benefits of glyphosate-tolerant seed, such as Optimum GLY Canola, are well documented and allow for integrated weed management options (Dill et al., 2008; Gusta et al., 2011) . Adoption of genetically modified (GM) canola is on the rise. In 2014, 25% of the 36 million ha of canola planted globally was GM ( James, 2014) . Over the same period, >90% of the canola planted in the United States and Canada was GM ( James, 2014) . DP73496 canola has been authorized for cultivation in the United States and Canada, has been granted authorization for import in Mexico, Australia, New Zealand, Japan, and Republic of Korea, and is in the process of regulatory review in additional countries (International Service for the Acquisition of Agri-Biotech Applications, 2015) .
Canola hybrids of several genetic backgrounds containing the Optimum GLY trait were developed and evaluated for key canola quality characteristics to demonstrate that DP73496 canola consistently meets accepted quality standards within the canola industry across germplasm backgrounds. These hybrids were evaluated in trials as per the Western Canada Canola/Rapeseed Recommending Committee (WCC/RRC) procedures for registration recommendation of canola-rapeseed candidate cultivars. Data presented are from product development research trials grown in 2012 and 2013. The evaluation presented here consists of summary statistics and comparisons with industry standards based on the experimental design used in product development.
MATERIALS AND METHODS

Plant Material, Experimental Design, and Test Locations
Event DP-Ø73496-4 was generated by transforming a B. napus proprietary inbred line with an insert containing the gat4621 glyphosate tolerance gene. The Optimum GLY event DP-Ø73496-4 was then introgressed into a series of elite nonherbicide-tolerant (NHT) canola female inbreds using backcross methods. DuPont Pioneer proprietary inbreds were developed in NHT germplasm that did not contain any transgenic traits. Field observation rows and genome-wide molecular markers were used to confirm that the converted Optimum GLY canola inbreds had high similarity to their recurrent parents. These inbreds were then converted to male sterile lines (INRA Ogura cytoplasmic male sterile; Institut National de la Rechereche Agronomique, Paris, France) containing the Optimum GLY trait by crossing the male sterile donor with Optimum GLY inbreds as recurrent parents followed by production of four back crosses to their respective recurrent parents. The Optimum GLY canola inbreds were then increased under cages to produce prebreeder seed quantities that meet DuPont Pioneer's internal inbred purity and trait purity standards.
The NHT canola inbreds were evaluated in hybrid combinations for general combining ability and agronomic, disease, and compositional traits across maturity zones. During the NHT hybrid evaluation, the converted Optimum GLY canola female lines were planted in cages with elite male restorer lines to produce hybrid seed for evaluation in the WCC/RRC trial in the following year. Entry into the WCC/RRC trial is required for recommendation for registration of canola cultivars in Canada (WCC/RRC, 2012).
There were 28 Optimum GLY canola cultivars entered into the first year (2012) WCC/RRC trial. There were two randomized complete block design trials containing four blocks. Each block included 14 Optimum GLY canola cultivars and one NHT canola cultivar as well as the two check canola cultivars required math treatments, and standard normal variant and detrend scatter correction and developed based on results from American Oil Chemists' Society (AOCS) Official Methods and International Organization for Standardization (ISO) methods (AOCS, 1993; AOCS, 2000a,b,c,d,e; International Organization for Standardization, 2000) .
Fatty Acids
The fatty acid composition, including lauric (C12:0), myristic (C14:0), palmitic (C16:0), palmitoleic (C16:1), stearic (C18:0), oleic (C18:1), linoleic (C18:2), a-linolenic (C18:3), arachidic (C20:0), eicosenoic (C20:1), eicosadienoic (C20:2), behenic (C22:0), erucic (C22:1), lignoceric (C24:0), nervonic (C24:1) acids, and others, of the oil was determined by gas chromatography with flame ionization detection of the fatty acid methyl esters. Total saturates are defined as the percentage of total fatty acids and include C12:0, C14:0, C16:0, C18:0, C20:0, C22:0, and C24:0 fatty acids.
Before analyzing the fatty acid components of lipids by gas chromatography, it was necessary to convert them to low molecular weight nonpolar methyl esters. The lipid material was extracted directly on crushed seed samples (~600 seeds or 2 g) with hexane. The lipids were rapidly transesterified in 0.5 M sodium methoxide in anhydrous methanol, a commonly used reagent for transesterification. Separation of the fatty acid methyl esters was performed on an Agilent 6890 Gas Chromatograph equipped with a flame ionization detector (Agilent Technologies Canada) and a 15-m by 0.32-mm column with a 0.25-mm Agilent HP-INNOWax fused silica capillary column (Agilent Technologies) with hydrogen as the carrier gas. External standards (Nu-Chek Prep, Inc.) were used to calibrate the gas chromatograph (AOCS, 2000b,c) .
RESULTS AND DISCUSSION
Characterization information is summarized for a set of experimental canola cultivars containing the Optimum GLY trait (also referred to as DP73496 canola) to demonstrate the consistency of quality parameters across germplasm backgrounds and environments. The experimental cultivars were grown in multilocation, multiyear trials required for canola cultivar registration recommendation in Canada (WCC/RRC, 2012). The trials used predefined criteria and data generated from designated check canola cultivars to evaluate the quality traits (oil, protein, glucosinolates, and fatty acid composition) of candidate canola cultivars. The WCC/RRC procedures for evaluation and registration recommendation are established annually based on 2 yr of evaluation and are viewed in the industry as a stringent measure of canola quality.
Data summaries are shown for 26 Optimum GLY canola cultivars, three NHT canola cultivars, and two WCC/RRC check canola cultivars (Table 2 ). For clarity, three of the 26 GLY canola cultivars presented were grown in both 2012 and 2013. To provide further context for evaluation, the oil and protein content data for the Optimum GLY canola cultivars have been broken out by zones. Ten of the 26 Optimum GLY canola cultivars under WCC/RRC procedures (referred to as WCC/RRC Check1 and Check2) (WCC/RRC, 2012). The 2012 trials were evaluated across eight Canadian locations, which included two long-season zone sites (Holland, MB, and Rosebank, MB), five mid-season zone sites (Bruno, SK; Hanley, SK; Rosthern, SK; Devon, AB; and Nisku, AB), and one short-season zone site (Rivière Qui Barre, AB). The Bruno, SK, trial was eliminated because of extreme environmental variability.
From the 2012 experiment, six Optimum GLY canola cultivars were advanced into the second year and 40 new Optimum GLY canola cultivars were evaluated in the 2013 WCC/RRC trials. The 2013 trials were also evaluated across eight Canadian locations, which included two long-season zone sites (Holland, MB, and Rosebank, MB), five mid-season zone sites (Bruno, SK; Hanley, SK; Rosthern, SK; Devon, AB; and Nisku, AB), and one short-season zone site (Westlock, AB).
The 2013 trials consisted of Trial A and Trial B. Trial A had three blocks that included the six second-year evaluation Optimum GLY canola cultivars, 17 first-year evaluation Optimum GLY canola cultivars, one NHT canola cultivar, and WCC/RRC Check1 and Check2. Trial B had three blocks that included 23 first-year evaluation Optimum GLY canola cultivars, one NHT canola cultivar, and WCC/RRC Check1 and Check2. The Bruno, SK, location from Trial A and the Nisku, AB, location from Trial B were eliminated because of extreme environmental variability.
In these trials, experimental bias was controlled via randomization of canola entries within each block and uniform agronomic maintenance and pesticide treatments across each plot area. During both years of field testing, trials used conventional herbicides (no glyphosate) to control weeds; fungicide was applied at early flower (BBCH60) (Meier, 2001 ) to control sclerotinia; and insecticide was sprayed to control insect pressure as necessary. The canola plots were harvested at physiological maturity with seed weight and moisture recorded on the combine and a 30-g seed sample was collected from each replicate. Compositional analysis was conducted on 26 Optimum GLY canola cultivars that had been advanced in DuPont Pioneer's breeding program based on agronomic performance in the 2012 and 2013 trials. The trial year, zone, and province for each of these Optimum GLY canola cultivars, three NHT canola cultivars, and two WCC/RRC check canola cultivars is presented in Table 1 .
Compositional Analysis
Various analytical methods were used to measure the oil, protein, glucosinolates, and fatty acids from the harvested canola seed.
Oil, Protein, and Glucosinolates Near-Infrared Reflectance Measurements
Reflectance spectra for canola (log 1/R) were recorded at 2-nm intervals from 400 to 2500 nm with a NIRSystems 6500 scanning monochromator (FOSS NIRSystems). Canola was analyzed in small circular cups containing ~5 g of seed using WinISI software, version 1.05 (FOSS NIRSystems).
Near-infrared reflectance predictions were based on calibration models developed by Pioneer Hi-Bred Production LP using modified partial least squares, first or second derivative evaluated for compositional traits were from all three zones (short season, mid-season, and long season) while the remaining 16 evaluated for compositional traits were from the mid-season zone. Results from these trials are presented as evidence that DP73496 canola falls within Canadian registration recommendation requirements for what is acceptable in the industry.
Additionally, the oil and protein content of the 26 Optimum GLY canola cultivars are assessed relative to the values for samples graded Canola, No. 1 Canada in the 2012 and 2013 harvest surveys conducted by the Canadian Grain Commission (Barthet, 2012 (Barthet, , 2013 . To provide supplemental context for assessment, the oil and protein content data for the Optimum GLY canola cultivars have been broken out by province. Ten of the 26 Optimum GLY canola cultivars evaluated for compositional traits were from all three provinces (Alberta, Manitoba, and Saskatchewan), while the remaining 16 evaluated for compositional traits were from Saskatchewan. Oil composition ranges for specific fatty acids are presented in reference to the Codex Standard for Named Vegetable Oils (Codex Alimentarius Commission, 2013) to further establish that DP73496 canola meets global specifications for canola oil composition.
Oil Content and Fatty Acid Profile
Canola is primarily grown for its oil, and as such, oil content is the most valuable quality characteristic of the harvested seed. For registration recommendation in Canada by the WCC/RRC, canola cultivars must have oil content 
To enable regional comparisons, data for oil content was broken out by province and calculated at 8.5% moisture basis for the purposes of comparison to samples graded Canola, No. 1 Canada in the 2012 and 2013 harvest surveys conducted by the Canadian Grain Commission. As shown in Table 3 and Fig. 1 , the oil content of the 26 Optimum GLY canola cultivars (40.6-50.3%) was within the range of samples graded Canola, No. 1 Canada for 2012 and 2013 (35.6-51.2%) (Barthet, 2012 (Barthet, , 2013 . Evaluation by province also demonstrated that the Optimum GLY canola cultivars were comparable to the range of samples graded Canola, No. 1 Canada (Table 3) .
Before use in or as a food product, Canadian canola oil must also satisfy strict quality standards as set out by government health agencies (http://www.canolacouncil.org/oil-and-meal/canola-oil/). Canola oil contains the lowest levels of saturated fatty acids (7% total fatty acids) of any edible oil commonly found on the market (dry matter basis) of not less than 1% below the average of the WCC/RRC checks in the zone or zones for which they are being considered (WCC/RRC, 2012). As a reference for commodity canola, the WCC/RRC check oil content requirement in Table 2 is presented as the data average minus 1%. The average oil content of the Optimum GLY canola cultivars across zones (49.38%) exceeded this Canadian industry standard for canola quality of ³46.34% (Table 2 ). The oil content of the Optimum GLY canola cultivars ranged from 44.41 to 54.96% (Table 2 ). Oil content of the Optimum GLY canola cultivars, in the zone or zones in which they were evaluated, was comparable to that of the WCC/RRC check canola cultivars (43.62-51.63%) ( Table 2 ). The range of oil content across the Optimum GLY canola cultivars was similar to the range of oil content across the three NHT canola cultivars (43.77-51.77%) ( Table 2) . , 2012) . For clarity, three of the 26 GLY canola cultivars presented were grown in both 2012 and 2013. ‡ Under 2012 procedures, oil or oil-free protein content, both on a dry matter basis, must not be lower than the mean of WCC/RRC Check1 and Check2 minus 1% in the zone or zones for which the canola cultivar is being considered for registration in Canada (2 yr of testing) (WCC/RRC, 2012). § For Optimum GLY canola data by zone, 10 of the 26 Optimum GLY canola cultivars were evaluated in all three zones (short season, mid-season, and long season), while 16 were evaluated only in the mid-season zone. ¶ Under 2012 procedures, total saturates must not be greater than 0.18 above the average of the WCC/RRC Check1 and Check2 in the zone or zones for which the canola cultivar is being considered for registration in Canada (2 yr of testing) (WCC/RRC, 2012). Total saturates is defined by WCC/RRC as the sum of C12:0, C14:0, C16:0, C18:0, C20:0, C22:0, and C24:0 fatty acids. # N ´ 6.25. † † Under 2012 procedures, "erucic acid content of the harvested seed should not exceed 1%" for registration of canola cultivars in Canada (2 yr of testing) (WCC/RRC, 2012). ‡ ‡ Under 2012 procedures, for average total glucosinolates data across zones, the harvested seed must contain not more than 12.0 mmol g −1 total glucosinolates whole seed (8.5% moisture basis) or not more than the mean levels of total glucosinolates of the WCC/RRC Check1 and Check2 plus 1 mmol, whichever is higher, for registration of canola cultivars in Canada (2 yr of testing) (WCC/RRC, 2012). (McDonald, 2006) . In the zone or zones evaluated, canola candidates for WCC/RRC recommendation for registration in Canada must not exceed 0.18 above the mean of WCC/RRC Check1 and Check2 for total saturated fatty acids, which is defined as the sum of the percentage of total fatty acids of lauric (C12:0), myristic (C14:0), palmitic (C16:0), stearic (C18:0), arachidic (C20:0), behenic (C22:0), and lignoceric (C24:0) acids (WCC/RRC, 2012). The average of total saturates data for WCC/RRC Check1 and Check2 across all zones in 2012 and 2013 was 6.66% total fatty acids, thus, the criterion for total saturates was £6.84% total fatty acids. The average total saturates for the Optimum GLY canola cultivars was 6.36% total fatty acids across zones, which was comparable with the 6.39% total fatty acids average of the three NHT canola cultivars (Table 2) . Additionally, total saturates of the Optimum GLY canola cultivars were comparable to that of the WCC/RRC check canola cultivars in the zone or zones in which they were evaluated. The range of total saturates across zones for the Optimum GLY canola cultivars (5.52-7.27% total fatty acids) was comparable to the range of the three NHT canola cultivars (5.60-7.36% total fatty acids) and both WCC/RRC Check1 (6.29-7.67% total fatty acids) and Check2 (5.97-7.38% total fatty acids) ( Table 2) . A breakdown of the average and range by individual canola cultivar showed that the total saturates maximum value for both Check1 and Check2 and one of the three NHT canola cultivars were greater than all of the Optimum GLY canola cultivars (Fig. 2) . Total saturates of the Optimum GLY canola cultivars were also compared with the industry measure of canola quality described in the 2012 WCC/RRC procedures. As seen in Fig. 2 , the mean total saturates value for each of the Optimum GLY canola cultivars was lower than the WCC/RRC registration recommendation requirement.
The range of values for individual fatty acids (presented as percentage of total fatty acids) for the 26 Optimum GLY canola cultivars, the three NHT canola cultivars, and both the WCC/RRC check canola cultivars are provided in Table  4 with the corresponding value range for canola as defined by the Codex Standard for Named Vegetable Oils (Codex Alimentarius Commission, 2013). The fatty acid profile of the Optimum GLY canola cultivars as demonstrated by individual fatty acid ranges is comparable with the Codex standard. Combined with the data regarding total saturates previously discussed, the oil composition of the Optimum GLY canola cultivars was within the industry-expected healthy fatty acid profile to attain claim of low saturates. It would be expected that regardless of the genetic background of the commercial cultivar containing the Optimum GLY trait, total saturate levels would remain low.
Protein Content
For registration recommendation in Canada by the WCC/ RRC, canola cultivars must have oil-free protein content (dry matter basis) not less than 1% below the average of the WCC/RRC check canola cultivars in the zone or zones for which they are being considered (WCC/RRC, 2012). As a reference for commodity canola, the WCC/ RRC check oil-free protein content requirement in Table  2 is presented as the data average minus 1%. The average oil-free protein content of the Optimum GLY canola candidate cultivars across zones (46.72%) exceeded this Canadian industry standard for canola quality of ³46.33% (Table 2 ). The oil-free protein content of the 26 Optimum GLY canola cultivars ranged from 39.30 to 53.06% (Table 2) . Oil-free protein content of the Optimum GLY canola cultivars, in the zone or zones in which they were evaluated, was comparable with that of the WCC/RRC check canola cultivars (40.16-51.05%) ( Table 2 ). The range of oil-free protein content across the 26 Optimum (Barthet, 2012 (Barthet, , 2013 . ‡ Oil and protein content values are presented using the historical 8.5% moisture basis of the Canadian Grain Commission to enable annual and regional comparisons (Barthet, 2012 (Barthet, , 2013 . § For Optimum GLY canola data by province, 10 of the 26 Optimum GLY canola cultivars were evaluated in Alberta, Manitoba, and Saskatchewan, while 16 were evaluated only in Saskatchewan. ¶ N ´ 6.25. Fig. 1 . Percentage oil content (at 8.5% moisture) of Optimum GLY canola entries (beginning with 12 or 13), non-herbicide-tolerant canola entries (beginning with 10 or 11), and canola used for Western Canada Canola/Rapeseed Recommending Committee checks (Check1 and Check2). The mean value is represented by the diamond within each schematic box-and-whisker plot. The interquartile region and range are indicated by the box and whisker, respectively. The percentage oil content range of samples graded Canola, No. 1 Canada for 2012 to 2013 is indicated by the blue vertical lines (Barthet, 2012 (Barthet, , 2013 . For clarity, three of the 26 Optimum GLY canola cultivars presented were grown in both 2012 and 2013. Fig. 2 . Total saturates (defined as the sum of C12:0, C14:0, C16:0, C18:0, C20:0, C22:0, and C24:0 fatty acids; expressed as percentage of total fatty acids) content of Optimum GLY canola entries (beginning with 12 or 13), non-herbicide-tolerant canola entries (beginning with 10 or 11), and canola used for Western Canada Canola/Rapeseed Recommending Committee (WCC/ RRC) checks (Check1 and Check2). Within the schematic boxand-whisker plot, the diamond represents the mean value, the box indicates the interquartile region, and a circle represents an extreme observation included in the data range. The red vertical lines indicate the average of the WCC/RRC Check1 and Check2 (labeled Avg. Checks) and the maximum acceptable total saturates content criterion as per 2012 WCC/RRC procedures for evaluation and registration recommendation based on 2 yr of testing (labeled Reg. Criterion) (WCC/RRC, 2012). Optimum GLY canola data are presented in reference to the procedures as a measure of canola quality. For clarity, three of the 26 Optimum GLY canola cultivars presented were grown in both 2012 and 2013.
GLY canola cultivars was similar to the range of oil-free protein content across the three NHT canola cultivars (39.62-52.22%), indicating the presence of the trait did not impact the oil-free protein content (Table 2) .
To enable regional comparisons, data for protein content was broken out by province and calculated at 8.5% moisture basis for the purposes of comparison with samples graded Canola, No. 1 Canada in the 2012 and 2013 harvest surveys conducted by the Canadian Grain Commission. As shown in Table 3 and Fig. 3 , the protein content of the 26 Optimum GLY canola cultivars (18.0-26.2%) was within the range of samples graded Canola, No. 1 Canada for 2012 and 2013 (14.7-28.5%) (Barthet, 2012 (Barthet, , 2013 . Evaluation by province also demonstrated that the Optimum GLY canola cultivars were within the range of samples graded Canola, No. 1 Canada (Table 3) .
Low-Erucic Acid and Low-Glucosinolate Quality of Canola
Evaluation of DP73496 canola confirmed that the presence of the Optimum GLY trait in B. napus hybrids grown in different germplasm backgrounds and across environments did not alter the low-erucic acid and low-glucosinolate content by which canola is defined. The established standard for erucic acid (C22:1) content in the oil of the harvested seed is <2% total fatty acids (OECD, 2011; USDA-FGIS, 1999) ; the 26 Optimum GLY canola cultivars were well below that specification (Fig. 4) . As shown in Table 2 , the range of erucic acid levels in the oil of the 26 Optimum GLY canola cultivars (0.01-0.14% total fatty acids) was comparable with the range observed for the NHT canola cultivars (0.00-0.12% total fatty acids). As seen in Fig. 4 , two of the 26 Optimum GLY canola cultivars had erucic acid values greater than the maximum observed for the two check canola cultivars (labeled Check1 and Check2; 0.07 and 0.06% total fatty acids, respectively). Erucic acid values of all 26 of the Optimum GLY canola cultivars were well below the more stringent specification of not more than 1% erucic acid for harvested seed being considered for registration recommendation in Canada (Fig. 4) (WCC/RRC, 2012) .
For registration recommendation in Canada by the WCC/RRC, the harvested seed must contain not more than 12.0 mmol g −1 total glucosinolates whole seed at 8.5% moisture or not more than the mean of WCC/RRC Check1 and Check2 plus 1 mmol across all zones in which evaluation took place, whichever is higher (WCC/RRC, 2012) . In the trial data presented, the average of total glucosinolates for Check1 and Check2 across all zones was 12.0 mmol g −1 , thus the criterion was not more than 13.0 mmol g −1 total glucosinolates. Across the Optimum GLY canola cultivars, the average for total glucosinolates was 9.1 mmol g −1 , which was lower than the 10.9 mmol g −1 average of the three NHT canola cultivars (Table 2) . Total glucosinolates of the Optimum GLY canola cultivars were also compared with the registration requirements. As seen in Fig. 5 , the mean total glucosinolates value for each of the Optimum GLY canola cultivars was lower than the WCC/RRC registration recommendation requirement. Data presented by individual canola cultivar showed that the upper range value of 15.9 µmol g −1 for the Optimum GLY canola cultivars was well below the upper range value of 26.0 µmol g −1 for samples graded Canola, No. 1 Canada from 2012 to 2013 (Fig. 5) (Barthet, 2012 (Barthet, , 2013 . These data indicate that the presence of the Optimum GLY trait did not alter the low-erucic acid and low-glucosinolate Table 4 . Summary of fatty acid composition data from Optimum GLY canola, non-herbicide-tolerant canola, and Western Canada Canola/Rapeseed Recommending Committee (WCC/RRC) Check1 and Check2. (Barthet, 2012 (Barthet, , 2013 . For clarity, three of the 26 Optimum GLY canola cultivars presented were grown in both 2012 and 2013. ) content of whole seeds (at 8.5% moisture) of Optimum GLY canola entries (beginning with 12 or 13), non-herbicide-tolerant canola entries (beginning with 10 or 11), and canola used for Western Canada Canola/Rapeseed Recommending Committee (WCC/RRC) checks (Check1 and Check2). Within the schematic box-and-whisker plot, the diamond represents the mean value, the box indicates the interquartile region, and a circle represents an extreme observation included in the data range. The red vertical lines indicate the average of the WCC/RRC Check1 and Check2 (labeled Avg. Checks) and the maximum acceptable glucosinolates content criterion as per 2012 WCC/RRC registration procedures for evaluation and registration recommendation based on 2 yr of testing (labeled Reg. Criterion) (WCC/RRC, 2012). Optimum GLY canola data are presented in reference to the procedures as a measure of canola quality. The glucosinolates range of samples graded Canola, No. 1 Canada for 2012 to 2013 is indicated by the blue vertical lines (Barthet, 2012 (Barthet, , 2013 . For clarity, three of the 26 Optimum GLY canola cultivars presented were grown in both 2012 and 2013.
quality of the canola hybrids across germplasm backgrounds and growing environments.
Regulatory Authorization of DP73496 Canola
The experiments summarized in this paper demonstrate grain from canola hybrids of differing germplasm backgrounds that contain the Optimum GLY trait meet quality specifications that define the global commodity. These findings of equivalency are in agreement with testing previously conducted in the germplasm background used in the generation of the regulatory data package for event DP-Ø73496-4.
Currently, there are three global markets intended for seed sales and cultivation of Optimum GLY canola cultivars (pending regulatory authorizations and field testing results): Canada, United States, and Australia. Canadian authorization of DP73496 canola was granted in December 2012 (Canadian Food Inspection Agency, 2012 . As part of that authorization, the Canadian Food Inspection Agency agreed with the technical conclusion that the nutritional composition of DP73496 canola is comparable with conventional canola varieties. In April 2012, the US Food and Drug Administration conducted a consultation review for DP73496 canola. The review did not identify any issues requiring further evaluation, and the data demonstrated that food and feed derived from Optimum GLY canola are as safe as conventional canola (US Food and Drug Administration, 2012).
In addition, DP73496 canola has been granted authorization for import in Mexico, Australia, New Zealand, Japan, and Republic of Korea. In March 2014, Food Standards Australia New Zealand determined there were no identified potential public health and safety concerns and that food for human consumption derived from DP73496 canola is as safe as conventional canola currently in the food supply (Food Standards Australia New Zealand, 2014) . Review and consideration for authorizations in additional countries is currently underway.
In conclusion, the results presented confirm that for key quality parameters, including fatty acid composition and antinutritional glucosinolates, there are no differences across genetic backgrounds and environments for grain of hybrids that contain the Optimum GLY trait. Once commercialization occurs (pending further testing and regulatory authorizations), DP73496 canola grain will be present in the commodity channel. As this paper demonstrates, Optimum GLY canola grain meets current commodity specifications and as such will maintain canola quality standards.
